The principles and concepts of Internet Enabled Digital Photography are outlined. The design and implementation of an inter. face appliance to connect digital cameras lo the Internet is described. In addition details are given of the server-side infrastructure required to support a range of networkmienled services.
Introduction
The digital camera is one of the most successful new consumer electronic products of recent years. Indeed there has been such explosive growth in today's marketplace that there are now more than 30 manufacturers of competing digital still camera (DSC) products. However, although many digital cameras are functionally similar each camera is accessed via its own proprietary software and protocols on the users personal computer.
As we approach the next milennium it is clear that a new generation of digital cameras is emerging. These new products are increasingly sophisticated and are rapidly superceeding conventional photography. However a digital camera is still tied to a home or office computer, and indeed to a proprietary software package on that computer. This limits both the utility and the target user market of the digital camera. If digital cameras are to reach their full potential as consumer devices then they must be freed from this dependence on a personal computer.
In an earlier paper [ l ] we consider some of the issues involved in the design of a general Java API for digital cameras. W e now consider how a new generation of intelligent home appliances would be capable of providing access to and functional integration with the Internet using just such a generic camera API.
In this paper we describe how today's digital cameras can be integrated with the Internet by the addition of a external embedded interface appliance. A prototype implementation of such an appliance is described. In many respects this is a simplified form of the standard desktop PC. By using an embedded CPU which is compatible with many desktop products it is possible to leverage existing interface software developed for digital camera applications and to reduce the unit cost to consumer levels. Each physical interface must support additional software protocol layers to allow interaction between the camera and its outside environment. Typically all digital cameras to date have required a PC in order to download, print or access the pictures. Recently a number of new camera appliances have appeared which allow pictures from a camera to be printed directly when combined with an appropriate printer.
The Internet-Integration (12) Appliance
In this section we describe how today's digital cameras can be integrated with the Internet by the addition of a simple embedded interface appliance. Such an appliance can be very lightweight and portable -much more so than even a conventional laptop, or even handheld PC. More importantly such a dedicated appliance does not need a particular software package to interface with a particular camera, hut can connect to any generic digital camera.
Such an Internet-Integration (12) appliance also opens the doors to a new generation of server side Internet services and applications based on digital photography.
A prototype implementation of such an appliance is described. In many respects this is a very simplified form of the standard desktop PC. By using an embedded CPU which is compatible with many desktop products it is possible to leverage existing interface software developed for digital camera applications and to reduce the unit cost to consumer levels.
An overview of the requirements for a completely generic I2 appliance is shown infig 2. 
Server-Side Infrastructure.
To support the client appliance it is important that a flexible server-side infrastructure exists to provide the end user with a range of exciting and interesting new services, focussed around the network-enabled digital camera.
We describe a preliminary implementation of such an infrastructure in fig 3 below. Details are also give of some potential added-value services which are facilitated by this infrastructure. The key services which will initially be required in order to promote the success of digital photography on a mass-market scale are those of on-line picture-storage and picture access, longer-term off-line archival services, and, naturally enough, picture fulfillment services.
Note that a key aspect of this client-server architecture for digital photography is that practically all of the client configuration information is maintained on the server-side. This, in turn, reduces maintenance issues and facilitates upgrading of services and the infrastructure as a whole.
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Conclusions
Ultimately we predict that the functionality of the client-end appliance will be directly integrated into the digital camera itself. This is emminently sensible as it will simplify the use of digital cameras from the consumer's perspective. However such integration will not occur until common standards for digital cameras begin to emerge.
W e believe that the system described in this paper provides a practical bridge between the digital cameras available in today's market and future models which will, without doubt, incorporate embedded Internet access directly in the camera unit itself.
